
MATH 1A: CALCULUSHOMEWORK #13JOHN VOIGHTx5.3: The Fundamental Theorem of Cal
ulusProblem 4. For (a), we note that g(�3) = 0 (the integral is empty) and g(3) = 0 as well (the areas aboveand below the axis are equal).For (b), we estimate that g(�2) = Z �2�3 f(t) dtis about the area of a triangle with base 1 and height 2, so g(�2) � 1. For g(�1) we add approximately2 12 (
ounting boxes) so g(�1) = 1 + 2 12 � 3 12 . For g(0) we add �nally a triangle whi
h has area 3=2, sog(0) = 3 12 + 1 12 � 6.For (
), we note that g is in
reasing as long as we are adding more area, i.e. when the fun
tion f ispositive. Therefore g is in
reasing on the interval (�3; 0) and is de
reasing on (0; 3).For (d), we note that g has a maximum value at x = 0 by (
) and the �rst derivative test.For (e), we have the following graph, using parts (a){(d):
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xFor (f), note that the graph of g0 and the graph of f are the same by FTC.Problem 8. Let f(t) = ln t so g(x) = R x1 f(t) dt. Then by FTC we have g0(x) = f(x) = lnx.Problem 10. Let f(x) = 1=(x+x2) so g(u) = R u3 f(x) dx. Then by FTC we have g0(u) = f(u) = 1=(u+u2).Problem 16. Let f(t) = (t+ sin t) and h(x) = 
osx. Then by FTC we havey0 = f(h(x))h0(x) = (
osx+ sin(
osx)) (� sinx) = � sinx(
osx+ sin(
osx)):Problem 22. Z 40 (1 + 3y � y2) dy = �y + 3y22 � y33 �40 = 4 + 3 � 8� 643 � 0 = 203 :Date: April 27, 2004.x5.3: 4, 8, 10, 16, 22, 26, 30, 32, 40, 42, 50, 52, 62, 66; x5.4: 2, 4, 22, 28, 38, 40, 44, 48, 54, 56, 58.1



2 JOHN VOIGHTProblem 26. The integral does not exist be
ause the fun
tion f(x) = x�5 has a verti
al asymptote at x = 0and hen
e is dis
ontinuous on the interval [�2; 3℄.Problem 30. Z 41 x�1=2 dx = 2x1=2j41 = 2(2� 1) = 2:Problem 32. Z 10 (3 + x3=2) dx = �3x+ 25x5=2�10 = 3 + 25 � 0 = 175 :Problem 40.Z 21 (4u�3 + u�1) du = � 4�2u�2 + ln juj�21 = �� 2u2 + lnu�21 = �12 + ln 2 + 2� 0 = 32 + ln 2:Problem 42.Z ��� f(x) dx = Z 0�� x dx+ Z �0 sinx dx = x22 ����0�� � 
osx���0 = 0� �22 � (
os� � 
os 0) = ��22 + 2:Problem 50. Let h1(x) = tanx and h2(x) = x2, f(t) = 1=p2 + t4. Then by the FTC,g0(x) = f(h2(x))h02(x)� f(h1(x))h01(x) = 1p2 + x8 (2x)� 1p2 + tan4 x (se
2 x) = 2xp2 + x8 � se
2 xp2 + tan4 x:Problem 52. Let h1(x) = 
osx and h2(x) = 5x, f(u) = 
os(u2). Then by the FTC,g0(x) = f(h2(x))h02(x)�f(h1(x))h01(x) = 
os((5x)2)(5)�
os(
os2 x)(� sinx) = 5 
os(25x2)+sinx 
os(
os2 x):Problem 62. If we are to apply the Riemann sum, we break up the unit interval [0; 1℄ into n pie
es, ea
hof length 1=n. We have the formula Z 10 f(x) dx = limn!1 nXi=1 f(xi)�x:It looks like we should take f(x) = px (and the right endpoint), for then we would havelimn!1 nXi=1r in � 1nwhi
h is what is given. Therefore the sum isZ 10 px dx = 23x3=2����10 = 23 :Problem 66. For (a), we break up the real line as the fun
tion is de�ned. For x < 0, g(x) = R x0 f(t) dt =R x0 0 dt = 0. If 0 � x � 1, then g(x) = Z x0 f(t) dt = Z x0 t dt = t22 ����x0 = x22 :If 1 < x � 2, theng(x) = Z x0 f(t) dt = Z 10 t dt+ Z x1 (2� t) dt = g(1) +�2t� t22 �x1 = 12 + 2x� x22 � 2 + 12 = �x22 + 2x� 1:If x > 2, then g(x) = Z x0 f(t) dt = g(2) + Z x2 0 dt = �2 + 4� 1 = 1:



1A: HOMEWORK #3 3Therefore g(x) =8>>>>>><>>>>>>:0; x < 0x22 ; 0 � x � 1�x22 + 2x� 1; 1 < x � 21; x > 2:For (b), we have the following graphs of f and g, respe
tively:
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xFinally, for (
), we note that f is di�erentiable everywhere ex
ept at the 
orners, i.e. x 6= 0; 1; 2. However,g is di�erentiable everywhere, sin
e g0(x) = f(x) by the FTC!5.4: Indefinite Integrals and the Net Change TheoremProblem 2. (x sinx+ 
osx+ C)0 = sinx+ x 
osx� sinx = x 
osx:Problem 4. Remembering that a is a 
onstant and we are di�erentiating with respe
t to x, we have�� (x2 + a2)1=2a2x + C�0 = �a2x(1=2)(x2 + a2)�1=2(2x)� (x2 + a2)1=2(a2)a4x2 = �a2x2=px2 + a2 � a2px2 + a2a4x2 :Now 
an
el a2 from the top and bottom and simplify the numerator by multiplying top and bottom bypx2 + a2: �x2 � (x2 + a2)a2x2px2 + a2 = a2a2x2px2 + a2 = 1x2px2 + a2 :Problem 22.Z 40 (2v + 5)(3v � 1) dv = Z 40 (6v2 + 13v � 5) dv = (2v3 + 13v22 � 5v)��40 = 128 + 104� 20 = 212:Problem 28.Z 50 (2ex + 4 
osx) dx = (2ex + 4 sinx)��50 = 2e5 + 4 sin 5� 2� 0 = 2e5 + 4 sin 5� 2:Problem 38.Z 94 (px+1=px)2 dx = Z 94 �x+ 2 + 1x� dx = �x22 + 2x+ ln jxj�94 = 812 +18+ln 9�(8+8+ln4) = 852 +ln 94 :



4 JOHN VOIGHTProblem 40. Break up the integral to get rid of the absolute value. Note that sinx � 0 on this intervalfrom [0; �℄ and sinx � 0 on [�; 3�=2℄. ThereforeZ 3�=20 j sinxj dx = Z �0 sinx dx+Z 3�=2� � sinx dx = (� 
osx)�0+(
osx)3�=2� = (1�(�1))+(0�(�1)) = 2+1 = 3:Problem 44. Sin
e y = 4px, we have x = y4. We integrate x = y4 from y = 0 to y = 1, so thereforeA = Z 10 y4 dy = y55 ����10 = 15 :Problem 48. By the Net Change Theorem, R 150 n0(t) dt = n(15)� n(0) = n(15)� 100. This represents thein
rease in the bee population in 15 weeks. So 100+ R 150 n0(t) dt = n(15) represents the total bee populationafter 15 weeks.Problem 54. For (a), we have displa
ement given byZ 61 v(t) dt = Z 61 (t2 � 2t� 8) dt = � t33 � t2 � 8t�61 = (72� 36� 48)� (1=3� 1� 8) = �103 m:For (b), displa
ement is the absolute value of the distan
e travelled:Z 61 jv(t)j dt = Z 61 jt2 � 2t� 8j dt:Now t2 � 2t� 8 = (t � 4)(t+ 2) and this is � 0 when t > 4 or t < �2 and � 0 for t in the interval [�2; 4℄.ThereforeZ 61 jt2 � 2t� 8j dt = Z 41 �(t2 � 2t� 8) dt+ Z 64 (t2 � 2t� 8) dt = �� t33 � t2 � 8t�41 +� t33 � t2 � 8t�64= (�64=3+ 16 + 32)� (�1=3 + 1 + 8) + (72� 36� 48)� (64=3� 16� 32) = 983 m:Problem 56. For (a), v0(t) = a(t) = 2t+ 3, so v(t) = t2 + 3t+C. Sin
e v(0) = C = �4, v(t) = t2 + 3t� 4.For (b), we have the distan
e travelled (as in 54(b))Z 30 jt2 + 3t� 4j dt = Z 30 j(t+ 4)(t� 1)j dt = Z 10 �(t2 + 3t� 4) dt+ Z 31 (t2 + 3t� 4) dt= �� t33 + 3 t22 � 4t�10 +� t33 + 3 t22 � 4t�31= (�1=3� 3=2 + 4) + (9 + 27=2� 12)� (1=3 + 3=2� 4) = 896 m:Problem 58. By the Net Change Theorem, the amount of water that 
ows from the tank isZ 100 r(t) dt = Z 100 (200� 4t) dt = (200t� 2t2)100 = 2000� 200 = 1800 liters:Yeehaw!


